Abstract-
INTRODUCTION
Most of the industries such as dye manufacturing textile, pulp and paper, paints, printing inks and carpet industries, food coloring and cosmetics use the dyes at a large scale. A great number of these materials can induce an environmental impact if they are discharged into water bodies. Many dyes and pigments affect the aquatic biota and also humans. As the dyes are toxic in nature, they are to be removed from the environment. Textile industry consumes dyestuff more than 80% of total production.
Huge amount of water is used by these industries for the washing and cleaning purposes and also discharges highly colored effluent containing dyes. The high concentration of such dyes may cause increase in COD in receiving water. Some of the dyes and intermediates are found to be carcinogenic in nature. In order to scavenge organic species like dyes from aqueous solutions, activated carbon could be one of the potential adsorbent. Activated carbon [1, 2] is the commonly used adsorbent for removal of dyes and phenolic compounds. Activated carbons are the amorphous form of carbon characterized by high surface areas, micropore volumes, large adsorption capacities, fast adsorption kinetics and relative ease of regeneration [3] It has wide applications like removal of organic, inorganic pollutants from drinking water and as catalyst support. Adsorption capacity of activated carbon mainly depends on its porosity and surface area. The textural property of activated carbon depends on the method of preparation and starting material [4] . However commercially available activated carbons are very expensive. Therefore there is a need to produce low cost and effective carbons for prevention of water pollution. A lot of work has been published on the production of AC by using agricultural waste products such as onion skin, flour waste, paddy husk, paddy straw, waste slurry, fly ash [5] , lignite [6] , pine bark, peat and lignin [7] [8] [9] [10] [11] [12] [13] [14] etc for adsorption studies. Researchers interest is growing in the use of other low-cost and abundantly available lingocellulosic material as a precursor for the preparation of activated carbon. [15] An enormous quantity of wood material has been used by pulp and paper industries and the lignin thus removed is considered as a recurring waste material in huge quantities and its disposal is a matter of environmental concern. The industrial waste lignin can be utilized partially by number of chemical processes e.g. hydrogenation, alkali fusion, polymer blending, wood adhesive, carbon fibers etc. As lignin is a three dimensional branched polymer with aromatic phenolic units, it degrades slowly and leads to the formation of a carbonaceous residue as a major degradation product. Thus one of the potential applications of lignin is as a precursor for the preparation of activated carbon. The surface textural properties and morphology of the activated carbon produced depends upon the various reaction conditions. The chemical activation enhances the surface characteristics of the activated carbon. In the present research work, the industrial waste lignin was subjected to high energy degradation in N2 atmosphere with chemical activating agent (ZnCl2). The degradation of lignin has produced the activated carbon with high surface area. Therefore the activated carbon obtained from thermal degradation of industrial waste lignin has been used for the adsorption studies of basic dyes (congo red, malachite green, methylene blue and crystal violet).
II.
MATERIALS AND METHOD 2.1.Adsorbent In this present work, the lignin used has been procured in the form of black liquor from Simplex Paper Mills, Gondia, Maharashtra. The solid lignin was precipitated from black liquor by acidification with dilute HCl and then purified. The thermal degradation of pure lignin was carried out in presence of activating agent ZnCl2. 2.1.1. Preparation of Activated Carbon 80 g of pure lignin is impregnated with 80 g of ZnCl2 in 250 ml round bottom flask along with thermocouple, distilling head and condensers in N2 atmosphere at 500 0 C. It was heated strongly for 5 hrs. At the bottom of the flask, a carbonaceous residue (activated carbon) was left. After cooling, it was scratched out from the flask and the AC obtained was crushed and sieved to get a particle size of 300 microns. Then it was washed with dilute HCl several times followed by plenty of distilled water to remove any traces of ZnCl2 used during thermal degradation. The AC weighed 46.60 g.
2.1.2.Adsorbate
The stock solution of these basic dyes(congo red, malachite green, methylene blue and crystal violet) was prepared (1000mg/l) separately. Different concentration of the dye solutions were prepared ranging from 100 to 200mg/l from its stock solution. 2.2.Characterization of the Activated Carbon obtained from thermal degradation of lignin in N2 atmosphere in presence of ZnCl2 2.
2.1.CHN (Elemental )Analysis
The elemental analysis of the prepared AC was carried to find out the percentage of carbon, hydrogen and nitrogen present. The Elemental Analyzer (Carlo Erba Model 1108) was used for the analysis. The % of oxygen was calculated by difference.
FTIR Analysis
The Infra Red Spectrum of the AC obtained from thermal degradation of lignin in N2 atmosphere has been recorded by using FTIR-Schimadzu 100 and Perkin Elmer using KBr pellets. The spectra were compared according to the assignments [16] given to the peaks so as to see the structural changes occurred in lignin during thermal degradation.
2.2.3.SEM Analysis
The surface morphology of the AC obtained from thermal degradation of lignin was studied by SEM. The SEM images were recorded with Scanning Electron Microscope (JEOL; JSM-6380A) equipped with an electron probe analyzer system (accelerating voltage 30KV).
2.2.4.Surface Textural properties
Specific surface area (textural properties) of the prepared AC was determined at 77 0 K from nitrogen adsorption experiment conducted on Smart Sorb 93 Surface area analyzer. 2.3. Effect of various parameters for maximum removal of Basic Dyes on the Activated Carbon obtained by thermal degradation of lignin 2.3.1.Optimization of adsorbent dose To optimize the adsorbent dose for maximum uptake, studies were carried out for removal of basic dyes on the AC. 50mg, 100mg, 150mg, 200mg , 250mg and 500mg of AC were agitated with 50ml dye solution for 60 minutes separately with intermittent stirring. The solutions were filtered and dye concentrations in aqueous solutions were determined by measuring the absorbance by using UV visible spectrophotometer.
2.3.2.Optimization of pH
To select the pH range for maximum uptake, studies were carried out for basic dyes at different pH ranging from 2-10. 1g of the AC was agitated with 50 ml of dyes solution separately maintained at different pH range for 60 minutes with intermittent stirring and the dyes concentrations in aqueous solutions were determined by using UV visible spectrophotometer.
2.3.3.Optimization of contact time
To optimize the contact time for maximum uptake, adsorption studies were carried out for basic dyes at different contact time from 1 hr to 6 hrs. 1g of AC was agitated with 50 ml of dye solution separately for different contact time with intermittent stirring and the dyes concentrations were determined by using UV visible spectrophotometer.
2.4.Adsorption experiments of Basic Dyes
Adsorption isotherms of dyes were obtained using the adsorbent. Batch adsorption experiments were performed using the basic dyes with different initial concentration ranging from 100mg/l to 200mg/l. Adsorption studies were performed by shaking a fixed mass of adsorbent (1g) in fixed volume of dye -solution (100ml) separately for 3 hrs. These experiments were performed at pH 7-10. Adsorption capacity of adsorbent for dyes (qe, mg/g) was calculated by mass balance where, Co and Ce is the initial and final concentration of dye in solution(mg/l), V is the volume(l) of dye solution for adsorption experiments and m is the adsorbent mass(g) respectively.
III.
RESULTS AND DISCUSSION 3.1.Characterization of pure lignin and the Activated Carbon obtained from thermal degradation of lignin in N2 atmosphere in presence of ZnCl2.
3.1.1.CHN (Elemental) Analysis
The elemental analysis of the prepared AC showed 69.11% Carbon, 3.3% Hydrogen and 27.59% Oxygen. Higher carbon content in this AC indicates that aromatic structure becomes dominant after degradation in the presence of catalyst used. It can be explained as, due to thermal degradation, the organic substances have degraded into volatile gases, liquid tar and the solid carbonaceous residue. However, the low hydrogen and low oxygen content in AC may be due to breaking of molecular chain.
FTIR Analysis
The IR studies of AC showed the structural changes occurred during the thermal treatments. The comparative study of IR showed almost flattening of maximum peaks in the AC obtained on thermal degradation of lignin. After carbonization, all the peaks related to C-OH, CH, CH2, CH3, CO and C=O groups were considerably reduced in the prepared AC. Fig.1 . shows the FTIR spectra of pure lignin, the peaks are assigned to OH stretching vibration of hydroxyl group, symmetric stretch for CH3 of methoxyl group, C-H stretching in methyl and methylene group. Other peaks correspond to carbonyl, carboxyl groups, aromatic skeletal vibrations, β-O-4 ether bond and Carbonyl stretching. shows the FTIR spectra of activated carbon obtained from thermal degradation of lignin with ZnCl2 catalyst. The FTIR spectra for this AC showed the peak due to -OH stretching and the peak at resulting from C=C stretching vibration in aromatic ring. A new peak observed may be due to the superposition of signals corresponding to oxygen functional groups like ether, phenol and lactones. For this AC, low absorption occurred in the region 800-1000cm -1 suggests a lower content of substituted aliphatic groups on the aromatic ring.
Fig. 2: FTIR spectra of AC from lignin with ZnCl2 catalyst
From the above results, lignin and AC prepared from lignin in presence of catalyst showed a shift in wave numbers. The intensity of the transmittance due to hydrogen bonded OH stretching has been decreased in the AC as compared to pure lignin. The decrease may be due to the loss of phenolic or alcoholic groups during degradation. The peak due to symmetric CH3 stretch of O-CH3 groups appeared in pure lignin disappeared from AC, this shows that CH3 groups were removed from substituted aromatic ring during thermal degradation.
3.1.3.SEM analysis
To study the effect of degradation process on lignin, the surface morphology of the AC was recorded. SEM observations of the AC obtained from thermal degradation of lignin revealed its complex and porous surface texture. The SEM image shows a highly porous morphology of AC with pores of more or less different shapes and sizes and a variety of crevices on the external surface which shows smoother surface with irregular, heterogeneous and grainy surface. These may contribute to the relatively high surface area of the AC.
Fig.3: SEM images of (a) AC from purified lignin (b) AC with ZnCl2 catalyst

3.1.4.Surface Textural Properties
The surface area of the prepared AC obtained on thermal degradation at 500 0 C with the impregnation ratio of lignin to ZnCl2 catalyst as 1:1 was found to be 819.82 m 2 /g. AC with ZnCl2 as activating agent has the surface area as large as those of commercial activated carbon. ZnCl2 worked as dehydration reagent and restricted the formation of tar and promoted the charring and aromatization of carbon upto carbonization temperature 500 0 C. This can be the reason for the higher yield and more surface area of the AC prepared by ZnCl2 activation. 3.2. Effect of various parameters for maximum uptake of basic dyes on the AC obtained by thermal degradation of lignin 3.2.1.Optimization of adsorbent dose The effect of adsorbent dose on the removal of basic dyes by AC was studied for the initial concentration. The uptake studies have been carried out by varying the adsorbent dose, ranging from 50 to 500mg/50ml for the time interval of 60 mins. The maximum removal of the dyes was obtained for the adsorbent dose 200mg/50ml. The removal was 77.88% of Congo Red, 76.84% of Malachite Green, 62.35% of Methylene Blue and 67.14% of Crystal Violet. However it was observed that after this dose, there was no significant change in the % removal of the dyes. It may be due to the availability of the exchangeable sites or surface area on the adsorbents. As the quantity of adsorbent increases, the number of adsorbent particles increases and more exchangeable sites are available, so more dye is attached to the vacant sites.
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Fig.43: Effect of adsorbent dose on removal of Basic Dyes
3.2.2.Effect of pH
The colour of the dye is an important function of pH. And the uptake capacity is largely dependent on pH of aqueous solution. The removal of basic dyes under similar conditions was studied at different pH. The % adsorption increases with pH to attain a maximum at pH 10. Since the surface of activated carbon are considered to be negatively charged, the decrease in the adsorption capacity in the low pH region would be expected as the acidic medium would lead to increase in hydrogen ion concentration which would then neutralize the negatively charged carbon surface thereby decreasing the adsorption of the positively charged dye cation because of reduction in the force of attraction between adsorbent and adsorbate.
Fig. 5: Effect of pH on the removal of Basic Dyes
Effect of contact time
For a fixed concentration of dyes solution and a fixed adsorbent mass, the removal of dyes increased with increasing contact time. It was observed that the adsorption rate initially increased rapidly, and that the optimal removal efficiencies were reached within about 3 hrs. The removal efficiencies reached a steady value with increasing contact time after equilibrium had been reached. This may be due to the fact that initially all adsorbent sites were vacant, later the removal rate of dyes was not increased significantly resulted from saturation of adsorbent surfaces with dyes, it indicates the possible monolayer formation on the outer surface of adsorbent.
Fig. 6:. Effect of contact time on removal of Basic Dyes
Adsorption isotherms for Dyes
The analysis of equilibrium data for the adsorption of basic dyes on the AC obtained on degradation of industrial waste lignin was carried out with the Freundlich and Langmuir isotherm model. The parameters of the two models were calculated and summarized from the plots of 1/qe versus 1/Ce and Log qe versus Log Ce. It can be observed that Langmuir isotherm model described the adsorption with higher R 2 indicating the identical affinity for the adsorbate and no transmigration of the adsorbate on the surface of coke. The values of 1/n were observed to be less than 1 which means the adsorption is favourable. From the Langmuir isotherm model, it has been observed that the adsorption capacity (θ IV. CONCLUSIONS Activated carbon obtained from industrial waste lignin can be successfully used as a low cost adsorbent for removal of basic dyes. Thus lignin has potential to become an effective and economical adsorbent for waste water treatment and it can replace the expensive commercially available activated carbon for removal of basic dyes. Thus utilization of the lignin in this way is promising and minimizes the environmental burden by reducing its disposal problems and converts the waste into useful raw materials.
